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ABSTRACT

During 1975-1976, the incidence of aflatoxin In c o m and peanuts
from seven processors In Southeastern Brazil was surveyed and compared
with aflatoxin occurrence in the Southeastern United States.

This com

parison was made because of similarities in weather conditions (high
temperature and humidity). Analyses of the samples by thin-layer chrom
atography (TLC) indicated the presence of aflatoxin in 45% of the
samples collected in Brazil, ranging from less than 20 to more than 100
ppb of aflatoxin.

These products were sold to milling companies for

feeding purposes, which suggested that aflatoxin contamination is a
common occurrence in corn and peanuts in Southeastern Brazil, probably
due to poor control measures which apparently exist there.
Samples procured from farmers in Louisiana and Georgia, which
were suspected of containing aflatoxin, were also analyzed for its pres
ence as a contaminant for a period of 13 weeks.

Results of the TLC

analyses showed that aflatoxin was present in 77% of the suspected con
taminated samples ranging from less than 20 ppb to more than 100 ppb.
These samples were not used for feeding purposes since they were sus
pected of aflatoxin contamination.
The surveys indicated that farmers in the Southeastern United
States are performing adequate tests for the detection and control for
aflatoxin contamination.
Since both surveys suggested that aflatoxin contamination in
vii

c o m and peanuts is a major problem, and because there Is a grave
concern over the lack of adequate protein to provide needed nourish
ment for large segments of the world's population in the years ahead,
studies were also conducted to attempt to chemically detoxify afla
toxin contaminated c o m and peanut samples with various concentrations
of hydrogen peroxide, ammonium hydroxide, formaldehyde, sodium hypo
chlorite, and isopropyl alcohol.
A randomized block design with four replications of the 20
treatments and the untreated control was used for the experiment.
Analysis of variance of the data indicated that highly significant
differences were present among the treatments (P<0.01).

Treatment

effect was measured by the Duncan's Multiple Range test (P<0.05).
Results of the TLC analyses showed that among the chemical
treatments studies, 1.5% hydrogen peroxide, 1 .0% sodium hypochlorite,
and 75.0% lsopropyl alcohol significantly reduced the aflatoxin
contamination in peanut and c o m samples to non-detectable levels.
However, use of isopropyl alcohol is not economically feasible at
present, due to its high cost, and the added equipment necessary for
its recovery.
Ammonium hydroxide even at the highest concentration tested
(2 .0%) did not effectively reduce aflatoxin content under the condi
tions of this experiment.
Formaldehyde at a 2.0% concentration significantly reduced the
amount of aflatoxin to 10 ppb, which is less than the total amount
permitted by the FDA in animal feeds.
Therefore, it can be concluded that aflatoxin in contaminated
viii

corn and peanut samples can be effectively destroyed by proper
utilization of hydrogen peroxide or sodium hypochlorite at concen
trations varying from 1.0 to 2.0% (W/V).

Furthermore, large quanti

ties of corn and peanuts that are usually destroyed because they are
found to be contaminated with more than 20 ppb of aflatoxin could be
salvaged and used for feeding purposes, which would increase the
world's available food supply.

ix

INTRODUCTION

Aflatoxins produced by certain species of Aspergillus,
especially A. flavus, have been found in many food products.

Wide

spread incidences of aflatoxin in corn, peanuts, cottonseeds, and
a variety of oilseeds and oilseed meals have led to extensive
investigations of these substances, and the results of several
recent surveys have established the presence of significant amounts
of aflatoxin in corn and peanuts in various regions of the United
States (Shotwell et al., 1975; Dickens, 1975).
The difficulty of determining whether or not a given lot of
a particular commodity is contaminated and to what extent such
adulteration has occurred, results from the fact that only one seed
in thousands may be contaminated.

Also, these individual seeds may

contain very high levels of the toxin which result in contaminating
the whole lot.
Actions by the Food and Drug Administration in recalling and
seizing food products contaminated by aflatoxin have caused much
concern in the food industry.
greater than 20 ppb.

Seizure levels are presently at

Extensive quality assurance programs to monitor

corn and peanuts for aflatoxin have been initiated by both the
industries involved and governmental agencies.
When the problem of aflatoxin contamination in agricultural
commodities emerged in 1960, several proposals were examined as
possible solutions.

Those of major significance were:

(1) prevention of A. flavus mold growth in the commodity; (2) devel
oping the means to physically separate contaminated from uncontami
nated products; and (3) chemical treatment to Inactivate the
aflatoxins.
This investigation was designed (1) to compare the level of
aflatoxin in corn and peanuts grown in Louisiana and Georgia and in
Southeastern Brazil, and (2) to attempt to reduce the amount of
aflatoxin in the most contaminated samples with various concentra
tions of hydrogen peroxide, ammonium hydroxide, formaldehyde, sodium
hypochlorite, and isopropyl alcohol.

LITERATURE REVIEW

An investigation of the detection and detoxification of
aflatoxins in agricultural products requires a preliminary review
of the literature encompassing:

(1) chemistry of aflatoxins; (2)

fungal spoilage in stored crops; (3) occurrence of A. flavus and
aflatoxins; and (4) aflatoxins in corn and peanuts, because these
are the foods being studied in this research project.

The reviews

on these topics are limited to the information which is considered
pertinent to the performance and analysis of this dissertation.

Chemistry of Aflatoxins

The presence of mold contamination in foods results in unpleas
ant flavors or other undesirable changes, and this fact has been known
for a long time (Koehler, 1938).

However, certain molds have the

capacity to manufacture chemical substances that are poisonous or
produce toxic symptoms when food containing them is eaten by man or
animals.

These chemicals are referred to generically as mycotoxins,

and the toxicity syndromes produced by them are known as mycotoxicoses
(Wolf and Jackson, 1963).
Hartley et al. (1963) indicated that contamination of the food
supply by mycotoxins gives rise to problems of several kinds.

A

direct hazard to human health can result when raycotoxin-contaminated
foods are eaten by man.

They also noticed that mycotoxins remained

in the food long after the mold that produced them had died.

Therefore, they can be present In food that Is not visibly moldy.
Furthermore, many kinds of mycotoxins are relatively stable substances
that survive the usual conditions of cooking or processing.
Another problem indicated by Allcroft and Carnaghan (1962) was
that if livestock feed becomes contaminated by mycotoxins the resi
dues can remain in meat or be passed into milk or eggs, and thus
eventually be consumed by humans.

This is in addition to the losses

generated by toxicity syndromes in the animals that eat such feed.
A major group of mycotoxins are the aflatoxins.

Although

aflatoxins are a relatively recent discovery, they are receiving
Increasing attention from the FDA, other regulatory agencies and
food processors.

Of the known mycotoxins, aflatoxins are probably

the most Important from the standpoint of possible hazards to human
health (Andres, 1976).
Aflatoxins were discovered during investigations following
the death of thousands of turkey poults in England in 1960, and now
they are of concern to government regulators throughout the world.
Conditions for growth vary even though contamination of food products
may occur at any time from Min-the-field," through the distribution
system, the storage prior to packing or use in food processing
(Bullerman et al., 1975).
Development of new technology in harvesting, processing, and
handling of food can sometimes inadvertently give rise to unantici
pated potential situations for contamination (Christensen and
Drescher, 1965).
The aflatoxins are a group of acutely toxic and highly car
cinogenic mold metabolites produced by A. flavus. The toxins have

closely similar structures and form a unique group of highly oxygen
ated, naturally occurring heterocyclic compounds.

Figures 1 and 2

present the structural formulas for aflatoxins B^, B^, G^, and G^.
The Isolation of the toxins, their separation by thin layer chroma
tography, and their detection and estimation by means of fluorescence
under ultraviolet light have been discussed in two reviews (Wogan,
1967 and Goldblatt, 1969).
The B^ compound is the one usually found in naturally contami
nated foods while the other structures occur in smaller concentrations,
and in some cases are not detectable.

But the composition of the

toxin complex can be quite variable, depending on the strain of the
mold as well as the growth medium and conditions (Goldblatt, 1969).
Aflatoxin B^ exhibits blue fluorescence and its melting point
is between 268° and 269° C.
metry was found to be 312.
formula of C,,H,_0,.
1/ 1Z O

The molecular weight by mass spectro
This finding substantiates the emperical

Aflatoxin B, represents a highly unsaturated
1

molecule (Asao et al., 1965).
The structure of aflatoxin G^ was deduced by Asao et al. (1965)
because of its similarity to aflatoxin B^.

It exhibits a yellow-

green fluorescence and its melting point is between 244° and 246° C.
The molecular weight by mass spectrometry was found to be 328, which
agrees with the analytically determined formula of
toxins G^ and

are dlhydro derivatives of aflatoxins

When aflatoxin

Afla
and B^.

or an unseparated mixture of the aflatoxins

is fed to animals, certain related toxins may be recovered from the
secretion of the animals.

Holzapfel et ja.1. (1966) and Masiri et al
I

I

MeO

Aflatoxin B

MeO

Aflatoxin
Figure 1.

Structures of Aflatoxins

and B2
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Figure 2.

Structures of Aflatoxins

and G,

(1967) have reported the Identity of aflatoxins

and

from several

sources and they have also detected the toxinB among the metabolic
products of A. flavus.
that aflatoxin

Furthermore, Stoloff et al. (1975) reported

was relatively stable to pasteurization and/or

storage, and that possible Ingestion of small amounts of aflatoxin
In milk could pose a threat to the health of the consumer.

In addic

tion, they Indicated that substantial economic losses to the milk
producer could result since the Delaney Amendment forbids the sale of
products which contain carcinogenic compounds.

Fungus Spoilage in Stored Crops

Fungi are a major cause of deterioration and spoilage in
stored crops.

They render perhaps as much as 1% of the world's supply

of grain and oil seeds unfit for human and animal consumption (Johnson,
1948).

Losses of fruits and vegetables due to these microorganisms

are probably even higher although there are no estimates available
on a world-wide basis.
Spoilage fungi attack food and feed crops after harvest when
ever environmental conditions become favorable for their prolifera
tion.

Many studies have been conducted on the effects of mold

invasion on stored seeds, grain, and oilseeds (Bottomley et al., 1952
and Kingsland, 1967).

Fungi are the most common cause of post-harvest

deterioration in these field crops.

The composition and relative

activity of the species which comprise the total fungal population
of a given lot of seeds, grain, or oilseeds are determined largely by
the conditions of the seed, moisture content, and the ambient temper
ature (Christensen, 1957).

9

Fungi are the dominant type of mold associated with stored
seeds.

These fungi principally include species of the genera Asper

gillus and Peniclllium.

They are the microorganisms primarily

responsible for post-harvest spoilage, and are active in stored grains
with a moisture content of 13.2 to 18% (Christensen and Drescher,
1965).

A. flavus and A. parasiticus appea * to be the most consistent

producers of aflatoxin contamination of foodstuffs (Schroeder and
Boiler, 1968).
The mycotoxin problem is confounded by the fact that A. flavus
and most other toxigenic molus are extremely common and can grow on a
variety of substrates under a wide range of conditions (Raper and
Fennel, 1965).

A. flavus can grow on just about any stored product

and has been reported to have produced aflatoxin, at least in trace
amounts, in barley, corn, wheat, cocoa beans, copra, soya flour,
cottonseed, and locust beans, in addition to peanuts.

Aflatoxin con

centration exhibits extreme variability among kernels and even within
kernels in a contaminated lot of grain or oilseeds, probably due to
the variability in moisture content and damage to individual seeds.
The results of a number of investigations provide the informa
tion necessary to formulate control measures for preventing the
development of aflatoxin and probably other mycotoxins.

Among these

studies was work done in Alabama by Dlener and Davis (1968a) and
(1968b) and in Georgia by Taber and Schroeder (1967) and Hill (1971).
The first step in preventing aflatoxin formation is to harvest crops
at maturity but not when they are overripe.

Care should be taken when

harvesting to keep mechanical injury to a minimum.

Only sound seed
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free of trash and other Inert matter should be placed Into storage.
Stored seed should be protected from damage due to weather, fungi,
insects, mites or rodents.

In addition, there are indications that

storage under inert gases may also block the elaboration of aflatoxin.
There are several aspects related to convenience.

Elevator

delivery may be more convenient than on-farm drying in the sense that
the farmer transfers responsibility for conditioning and storage to
the elevator operators.

If delivery to the elevators involves long

delays and waiting lines, this convenient factor is reversed.
Oxygen-free silos and chemical preservatives are convenient in
that they can be utilized directly with little or no processing.
Dried c o m has good color but is often cracked and separated leaving
exposed starch available for potential mold development if moisture
conditions become favorable.

A summary of the advantages and dis

advantages of alternative systems is shown in Table 1 (Hill, 1971).

Occurrence of A. flavus and Aflatoxin

Most of the literature published through 1964 was concerned
with aflatoxin production by two species of fungi, A. flavus and
A. parasiticuB.

Description and illustrations of the taxonomy and

morphology of the genus of these two species was well presented by
Raper and Fennel (1965).
The A. flavus group is a constituent of the microflora in air
and soil, and 1b found on or in living or dead plants and animals
throughout the world (Semeniuk, 1954).

It has frequently been

reported as a pathogen of man and animals and is considered to be

Table 1.

Alternative Conditioning and Storing Systems for Handling ^
High Moisture Corn
SYSTEM

Comparison
of:

Ear Corn

a. Labor
Requirements

High for handling and
shelling. Difficult to
automate.
b. Capacity
The volume of material
at Harvest
handled limits daily capaclty to about 2000 bushels per unit of harvesting
handling equipment.
c. Marketing No restrictions after
Flexibility
shelling. It may require
several months to reach
15.5% moisture for sale.
d. Investment Few alternative uses or
Flexibility
resale value for storage
and harvesting equipment.

e. Quality
of Livestock
Feed
f. Risk of
Losses

g. Other
Considera
tions

Good livestock feed, per
mitting the option of
feeding ground ear corn.
Low. Usually limited to
rodent damage or mold
where trash builds up in
wet spots.
Use of existing facili
ties and reduced demand
for equipment may permit
astute managers to obtain
lower costs in exchange
for higher labor.

Batch-in-b in-Dryer
Medium. Requires supervision
during drying and transfer of
grain to storage.
Provides very low drying capacity per dollar invested,
From 400 to 2000 bushels per
day for each drying bln.
No restrictions on time,
place, or use.

Storage bins are adaptable to
multiple uses. Dryer unit has
little resale value. Units
can be added to provide for
expansion. Generally commits
the farmer to on-farm storage
for the life of the facility.
Fair quality subject to overdrying.
Losses are infrequent if
dried to 13% and burner tem
peratures are maintained at
recommended levels.
Over drying is a major mana
gerial problem. For livestock
feed this means loss of palatlbility and higher cost of dry
ing. If sold, shrinkage costs
may reach 3 or 4 cents per
bushel.
Investment In storage and dry
ing varies from $.57 to $1.36
per bushel depending on volume
handled. One of the lower in
vestment systems for handling
dry shelled com .
11 to 26 cents per bushel dedining rapidly as volume is
Increased from 5000 to 34,000
bushel. Nearly constant costs
above 40,000 bushel,

h. Capital
Requirements
For New
Facilities

Investment in storage and
handling equipment varies
from $.88 to $1.23 per
bushel— relatively high
for a low capacity system.

1. Cost
per
Bushel

19 to 23 cents per bushel
with the minimum at 15,000
bushel volume. Increased
coBt at higher volumes due
to labor demands and field
losses. Better suited to
small acreages where ear
storage Is already available.

Table 1. (Continued)
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SYSTEM
Comparison
Portable Batch
of:

Silo (air tight)

a. Medium. Requires supervision
but can be partially auto
mated.

Low. Loading in as well as out is
generally mechanized.

b. High capacity units can be
purchased but costs rise
rapidly when used less than
30 days per year.

Few limits to capacity. Generally
3000 bushels or more per day, de
pending on number and size of com
bines .

No restrictions on time,
place, or use.

d. Storage bins are adaptable for
multiple uses. Dryer unit
often portable with some re
sale or trade-in value. Gen
erally commits the farmer to
on-farm storage for the life
of the facility.______________
e. Fair quality. Ending moisture
content, more easily controlled
than in bin dryers. Some re
circulating types result in
high rate of mechanical damage.
f. Losses are infrequpn^if dried
to 13% and Jsyrner tempera'tureis
are maintained at recommended
levels.
g. Excess drying capacity fre
quently raises costs above the
figure shown.
h. Investment in drying and stor
age varies from $.70 to $1.86
per bushel depending on volume.

i. 13 to 33 cents per bushel de
clining rapidly as volume is
increased from 5000 to 30,000
bushel. Too costly at volumes
below 10,000 bushels per year.

Limited to livestock feed on or near
the farm where stored. Processing
or transporting feasible only during
cold weather.
No resale value and limited use.
Commits owner to a livestock feeding
program for the life of the silo.

Excellent feed. Subject to spoilage
in the feed bunk under conditions of
high temperatures.

Losses due to spoilage are quite
dnlalli 1 S^me research indicates a
possible decrease in total nutrients
during fermentation.
Multiple use of silos may lower the
costs significantly from that shown
in these tables.
Investment in facilities and equip
ment varies from $1.25 to $2.02 per
bushel depending on volume. Fixed
costs are quite large if charged en
tirely to once-a-year filling with
shelled com.
13 to 25 cents per bushel declining
rapidly as volume increases from
5000 to 20,000 bushels. Not recontmended for volumes below 10,000
bushel.

Table 1. (Continued)
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SYSTEM
Comparison
0f;
a.

b.

c.

d.

e.

Acid Treated. Stored
Acid Treated.
on the ground, on concrete slab, or
Stored in Bins.
in makeshift storage.
Low to medium. At harvest re- Depends on storage facility. Feedquiring supervision only while ing from open piles often requires
dumping wagons. Feeding from
additional labor,
bins can be partially automated.
Limits on harvesting and unLimits on harvesting and unloading
loading capacity up to limits
capacity up to limits of the appliof the applicator of about 1000 cator of about 1000 bushels per
bushels per hour.
hour.
Limited to livestock feed.
Limited to livestock feed. May be
May be processed or transported processed or transported without
without deterioration of qual- deterioration of quality,
ity.
Storage bins are adaptable to
Low investment in fixed facilities
multiple uses. Investment in
provides in considerable flexibility
applicator and conditioning
from year to year,
equipment is negligible. Farm
er can treat corn or a portion
of his c o m , varying from year
to year.
Excellent feed.
Excellent feed.

f. When treated and stored as
directed no losses should be
experienced.

When treated and stored as directed
no losses should be experienced. If
stored on the ground It may be dif
ficult to recover all the corn. Open
storage should be fed before spring
rains and rising temperatures.______
g. Some caution is required in
Concrete surfaces should be covered
handling acid. Corrosion of
with plastic to prevent chemical re
metal increased the cost of
actions. If the top of the pile is
treating or protecting bins or covered, aeration is needed to re
decreases bin life.
duce moisture migration. If the
pile is not covered, it should be
fed before spring rains and rising
temperatures._____________________
Investment in storage and equipment
h. Investment varies from $.52
varies
from $.04 to $.90 per bushel
to $.99, primarily for storage
depending
on the kind of storage
bins.
facility used and the volume hand
led.
12 to 24 cents depending on type of
i. 19 to 27 cents per bushel de
storage used. Operating costs are
clining as increased volume
fairly constant at 12 cents per
permits use of lower cost
bushel if storage is available.
storage structures.

Table 1. (Continued)
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SYSTEM
Comparison
of:
Elevator Drying and Storage
a. Requires only labor associated with
transportation and delivery. May
encounter delays at harvest.
b. Requires transportation time from
field to elevator. Waiting lines at
the elevator In some years creates
serious delayb in harvest.
c. The only restrictions are the minimum
charges at the elevator limiting the
economic range of choices in time and
place of marketing.
d. Maximum flexibility since the farmer
need not make any commitment beyond
day-to-day deliveries.
Grain returned from elevator storage
tends toward minimum quality accept
able for the grade purchased. Cannot
retain identity of the corn delivered
to the elevator.
__________ ________ _
f. Any risk of loss is transferred to
the elevator at harvest.
g. Elevator charges vary widely from
region to region. Their costs and
quality of services must be individ
ually evaluated.

NOTEt
The table above should
be considered only as a guide
and does not include many
variables such as management
practices, system components
selected, and field condi
tions. Choice of grain hand
ling systems should be based
on costs from harvest to re
moval of c o m from storage.
Total costs would include
labor, trucking (when needed)
and field losses associated
with different rates of har
vest. Based on results of
numerous feeding trials, an
increase in feed efficiency
can be assumed for high
moisture c o m treated with
preservatives — even though
the extent of this advantage
has not been statistically
established.
MASTER MANUAL OK MOLDS &
MYCOTOXINS, pp. 58a and 59a.

h. No Investment in storage or drying
equipment is required if commercial
truckers provide transportation from
the field to the elevator.

i. A constant cost of 23 cents per bushel
makes this a competitive alternative
for livestock farms only at very small
volumes.
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especially important as a pathogen of insects (Austwick, 1965).
A. flavus is generally classified as a saprophyte, although
Clinton (1960) has reported post germination and preemergence destruc
tion of peanut seed and seedlings by this fungu3 in Sudan.

Aflatoxin

has been found in peanuts and peanut meals in most peanut growing
states in the United States.

Salmon and Newbeme (1963) first

reported the occurrence of a carcinogenic agent in domestic commercial
peanut meals.

Subsequent analyses of samples of these peanut meals

verified the presence of aflatoxin in meals from at least three
southern states.

In 1964-1965 Eadie and O'Rear (1967) found that

6.1% of the peanut samples from the Virginia-North Carolina area
contained aflatoxin and 23 of 51 samples of peanut butter were con
taminated.

Taber and Schroeder (1967) found aflatoxin in farmer stock

peanuts throughout Texas, although levels seldom exceeded 50 ppb.
Since the review of Hesseltine et al. (1966), which cited
literature through 1964, aflatoxin has been found to be naturally
occurring in commodities other than peanuts and cottonseed cake
(Loosmore et al., 1964).

It is highly probable that cases of moldy

corn poisoning in Georgia in the early 1950's were the results of
aflatoxin (Bemside et al., 1957).
Since c o m is widely grown throughout the United States and
on-the-farm storage for feeding and for holding for market is a
common practice, it is possible that the hazard of aflatoxin in c o m
may exceed that of peanuts, rice, and cottonseed.

According to Borker et al. (1966), aflatoxin has been found in
Coastal bermuda grass hay, soybean meal, oats, cottonseed meal,
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cassava, corn, peanuts, peanut meal, peas, rice, soybeans, and wheat.
Thus, the prediction of Hesseltlne et al. (1966) that aflatoxin would
eventually be found In many agricultural commodities has proved to be
true.

It Is likely that aflatoxin will continue to be found In food

and feedstuffs, wherever warm and moist weather conditions, faulty or
Inadequate storage facilities, and human error or Ignorance combine
to produce circumstances favorable for fung 1 growth.

Aflatoxin Incidence in Corn

The results of several surveys by Shotwell et al. (1973 and
1975) have indicated a significant occurrence of aflatoxin in corn
grown In various regions of the United States.

Actions by the Food

and Drug Administration in recalling c o m meal and seizing c o m alleg
edly

tainted by aflatoxin has caused concern in the corn industry.

Extensive programs to monitor c o m for aflatoxin have been initiated
by both Industry and governmental agencies.
Some of the first studies of naturally occurring aflatoxin in
c o m were made in 1964, 1965, and 1967 on c o m of all grades moving
through commercial channels in the Midwest (Shotwell et al., 1969 and
1970).

Table 2 summarizes their findings.
Higher incidences and levels of aflatoxin have been observed

in c o m grown in the Southern United States.

In 1969 and 1970, 60

c o m samples from Alabama, North Carolina, South Carolina, Tennessee,
and Virginia were analysed for aflatoxin (Shotwell et al., 1973).
There were 21 positive samples and levels of the toxin which were
higher than those observed in previous surveys (Shotwell et al., 1969;

Table 2.

Location

Year

Aflatoxin Incidence in Corn'1'

Type of Sample

Mo. of Samples

Percent
Aflatoxin
Contamination

1311

2

Industry

372

3

Corn Belt

Grain Inspection

283

2

1968

Export Cargo

Grain Inspection

293

3

1969

South

Grain Inspection

60

35

1971

Missouri

Stored (white com)

1283

32

1964

C o m Belt

Grain Inspection

1965

C o m Belt

1967

*

1972

C o m Belt

Elevator-Food Processing

223

2

1973

South Carolina

Field-freshly harvested

297

51

1973

C o m Belt

Farm and Elevator

169

2

1973

South

Farm and Elevator

146

36

1975

Iowa

Field-freshly harvested

214
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Shotwell, 1970.
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Shotwell et al., 1970; Watson and Yahl, 1971 and Shotwell et al.,
1971).

Aflatoxin was detected In 31% of the 1283 truckloads of white

corn delivered from 77 loads In seven countries In Southeastern
Missouri (Shotwell et al., 1975).

Only 13% of the samples contained

more than 20 ppb, the FDA guideline.

In one of the surveys, a truck

load of c o m from one farm contained more than 100 ppb total afla
toxin.

In a 1973 Survey 297 samples of freshly harvested corn from

northeastern South Carolina revealed that 51% of the samples contained
detectable aflatoxin, and 32% contained aflatoxin

above 20 ppb

(Lillehoj and Fennell, 1975).
The Grain Division, Agricultural Marketing Service, USDA,
tested commercial lots of marketed c o m for aflatoxin in 1972, 1973,
and 1974 (Hunt et al., 1976).

In 1972, all samples (7913) submitted

for grading to 18 field offices were inspected for the bright greenishyellow (BGY) fluorescence associated with A. flavus and possible afla
toxin to determine which samples to assay for aflatoxin.

Samples were

tested by the CB method approved in Official First Action by the
Association of Official Analytical Chemists (Association Official
Analytical Chemists, 1975).
detectable aflatoxin.

Approximately 1.1% of the samples had

In 1973 the same approach with the samples was

used and 7.1% of the samples had detectable aflatoxin.

Samples of

1974 indicated an 11% incidence of aflatoxins.
It would be impossible to monitor the entire United States c o m
crop for aflatoxin because corn is marketed and is used in many differ
ent ways.

Some c o m is fed to animals on the farm where it is grown

and would not come under state or federal regulations; some is sold to
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elevators to be converted to feed or sold to a larger feed company.
Feedlot operators may also contract with farmers for their corn crop.
The corn milling and brewing Industries are more likely to purchase
corn grown under contract to ensure quality products.

Much corn does

not move In Interstate commerce and would not be subject to federal
regulations.

Export corn does move through terminal elevators and

must be graded by licensed Inspectors, but the grading factors pre
sently used are no Indication of possible aflatoxin contamination
(Shotwell et al., 1973; Shotwell et al., 1975; Shotwell et al., 1969;
Shotwell et al., 1970; Shotwell et al., 1971).
Studies conducted in 1971, 1972, and 1973 in essentially all of
the corn-producing areas of the United States indicated that aflatoxin
was formed in the field.

Aflatoxin was found as a natural contaminant

in corn samplings at all stages of development and maturity from the
late milk stage until harvest.

The highest incidence of aflatoxin was

found in the warmer, more humid growing regions of the country.

By a

series of experiments using a direct inoculation of A. flavus spores,
the corn kernel was found to be more susceptible to contamination by
aflatoxin during the 6 - 8 week period of growth and maturity.

It was

concluded that aflatoxin was formed In the field (Shotwell et al.,
1974).
Although an association has been postulated between Insect
damage and A. flavus infection of corn and subsequent aflatoxin forma
tion in the field, a definite cause-effect relationship has not been
established.

Insects that have been lnpHeated with A. flavus inva

sion are rice weevils, corn earworms, corn borers, stlnkbugs, and
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mites (Lillehoj and Fennell, 1975 and Wldstrom et al., 1975).

Aflatoxin Incidence in Peanuts

The aflatoxin-producing A. flavus group of fungi exist through
out the peanut growing areas and may produce aflatoxin in peanuts any
time that conditions are favorable for fungal growth.

During periods

of drought, insects and mites in the soil may favor infection and sub
sequent aflatoxin production before peanuts are dug (Dickens and
Whitaker, 1974).

Extended periods of hot, rainy weather, improper dry

ing after harvest, and inadequate protection from rain during temporary
storage and transportation are condusive to A. flavus growth in peanuts.
A. flavus growth during storage may be a major contributor to
aflatoxin contamination in peanuts (Dickens, 1975).

Possible causes

of A. flavus growth are moisture condensation on roofs and sidewalls,
leaking roofs, improper application of insecticide sprays or leaking
hoses and application equipment, conveyance of water from flooded
elevator dump pits into warehouses, and storage of peanuts on concrete
floors that are damp or have no vapor barriers.
Surveys completed in 1966 Indicated that the peanut industry
spent over $12,000,000 between 1964 and 1966 on new Inspection, samp
ling, drying and storage facilities to reduce the incidence of afla
toxin (Little, 1966).
The average aflatoxin concentration in the lots of peanuts
accepted by the Peanut Administration Committee (PAC) aflatoxin testing
program and the risk of having lots with high concentrations depends
upon the conditions of the peanut crop after shelling.

In 1974 all
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lots contained an average aflatoxin concentration of 10 and 15 ppb for
the 1975 crop.

The manufacturer has the final responsibility for pro

ducing wholesome peanut products for the consumer market.
The National Peanut Council (1976) has published a voluntary
code of good practices for purchasing, handling, storage, processing,
and testing of shelled peanuts.
The voluntary code recommends the removal of those peanut ker
nels must likely to contain aflatoxin from the processing stream before
and/or after blanching.

These kernels include moldy discolored,

shriveled, and damaged kernels; kernels that resist blanching or
splitting; and these that have a dark color after roasing.

Destruction

of the aflatoxin by roasting can reduce from 30 to 50% of remaining
aflatoxin in the finished product (Waltking, 1971).

Chemical Detoxification 6f Aflatoxin

The structural formulas of the most commonly occurring aflatoxlns, B^, B2 » G^, and

have been presented in Figures 1 and 2.

The

most reactive functional groups for ease to attack by chemical reagents
are the lactone rings of the aflatoxins.

The I*-lactones can be readily

opened by hydrolysis with strong alkali such as sodium hydroxide.
Reduction in toxicity and carcinogenicity would be anticipated follow
ing hydrolysis and accompanying subsequent reactions such as decarboxy
lation or oxidation (Dollear, 1969).
Other functional groups of these aflatoxins are less readily
attacked by chemical agents.

The methyl ether and furan ether groups

would be cleaved only by strong acids such as hydroiodic acid.

The
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double bond of the terminal furan ring of aflatoxins

and G^ Is sus

ceptible to attack by electrophlllc reagents and can be oxidized or
reduced but aflatoxin B2 end

would be unaffected.

Similarly*

reagents attacking the keto group of the cyclopentenone ring of afla
toxins

and

would be without effect on aflatoxins

and

(Dollear and Gardner, 1966).
Chemical approaches to inactivation have been mainly empirical
but several reactions appear promising.

The reaction mechanisms of

chemical detoxification have not been established and can only be
postulated at the present time.
Ammonia Is one of the most effective reagents proposed for
chemical inactivation of aflatoxins In contaminated peanut and cotton
seed meals (Gardner et al., 1960).
Kirk et al. (1966) reported that ammonlatlon also improved the
nutritive value and acceptability of Crambe meal.

Sargeant et al.

(1961) treated the methanol insoluble residue from toxic peanut meal
with dilute acid, extracted it with chloroform, removed the solvent
and treated the residue with 5N ammonium hydroxide.

After chloroform

extraction of the ammonium hydroxide solution and removal of the sol
vent, the residue from the chloroform extraction was no longer toxic.
Thus, ammonium hydroxide chemically altered the toxin, but It cannot
be said whether it detoxified the aflatoxin or merely formed an
ammonium salt which was not extractable by chloroform.
Goldblatt (1968) treated a sample of toxic meal with an ammonium
hydroxide solution and a biological test of the treated meal indicated
elimination of toxicity.

Dollear and Gardner (1966) reported on the
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chemical inactivation of aflatoxin in cottonseed and peanut meals with
anhydrous ammonia under pressures in the rsuge of 20 to 43 psig.

At

40 lb. ammonia pressure and temperatures of 160° to 178°F, 98 to 100%
of the aflatoxins were eliminated as determined by thin layer chromato
graphic assay.

Treatment of cottonseed meal with 2 % to 30% ammonium

hydroxide was not very effective in destroying aflatoxin.

Even at a

temperature of 200°F only about 93% reduction was obtained in two days
and little more after seven days.
Treatment of peanut and cottonseed meals with methylamlne has
been reported by Dollear and Gardner (1966).
they reported reduction of aflatoxin
lamlne for two hours at 100°C.

In their investigation

when treated with 1.25% methy-

In the same studies, treatments of the

samples with 2% sodium hydroxide completely eliminated the aflatoxin
toxicity.

Based on these promising results peanut meal was treated

with sodium hydroxide in a pilot plant in a Groen reactor by Dollear
et al. (1968).
and 11 ug/kg G^.

The meal contained 70ug/kg aflatoxin B^f 30 ug/kg B2 »
The total aflatoxin content was 111 ug/kg.

A 15-lb.

batch of meal was adjusted to 30% moisture content and cooked with 2%
sodium hydroxide for 1.5 hours at a temperature of 212°F.

After

treatment the meal contained 9 ug/kg of aflatoxin B^, 6 ug/kg

and

2 ug/kg B^ or a total aflatoxin content of 17 ug/kg.
Sreenivasamurthy et al. (1967) has proposed detoxification of
aflatoxin in peanut meal by heat treatment of the meal at 80°C for
one-half hour with hydrogen peroxide at a pH of 9.5.

Treatment was

conducted in an aqueous suspension of 10% solids content; 5 ml of
hydrogen peroxide was required to detoxify 5 g of a toxic peanut meal

containing 90 ppm of aflatoxin.

Destruction achieved was 97%.

The

protein quality was not significantly changed by the treatment.

Further

work on the use of hydrogen peroxide with moderate levels of contami
nation would be of interest.
A number of chemicals have been screened for inactivation of
aflatoxins.

Exposure of contaminated samples to acid, chlorine, and

sulfur dioxide was reported to be inefficient.

However, Fischbach and

Campbell (1965) exposed a highly contaminated peanut meal (about 1000
ug/kg) overnight to a 10% chlorine gas atmosphere and the meal lost
about 90% of its initial fluorescence and became nontoxic to a chick
embryo.

Feuell (1966) reported that treatment of peanut meal with

chlorine reduced its toxicity to ducklings but did not prevent liver
lesions.

Treatment of the meal with sulfur dioxide produced no

significant change.

Treatment of a methanol extract of the meal with

propylene oxide had no change on the toxicity.
Trager and Stoloff (1967) have investigated possible reactions
for aflatoxin detoxification.
izing agents.

Most of the reagents tested were oxid

Benzoyl peroxide, osmium tetroxide, and I /l^ reacted

with aflatoxins

and

but not with B£ and G2 .

NaOCl, KMnO^, NaBO^, and 3%
aflatoxins.

Ce(NH^)2 (S0^)^,

(1+1) reacted with all four

Because of the high concentrations required, some of

these oxidizing reagents would obviously be more suitable for cleaning
contaminated glassware and other laboratory equipment than for detoxi
fication of food or feed products.
Quinone (0.01 M) apparently destroyed all four aflatoxins in
five minutes contact (Feuell, 1966).

MATERIALS AND METHODS
Comparison of the Incidence of Aflatoxin in C o m and
Peanuts Grown in Louisiana, Georgia, and Southeastern Brazil

Climatic conditions (high temperature and humidity) in the
southeastern United States during 1977 and southeastern Brazil during
1975 had a serious impact on the yield of most crops.
the humidity, many crops were hard hit by insects.

In addition to

Insect damage to

c o m and peanuts in the field have been shown previously to increase
the potential for development of aflatoxins.

Aflatoxins will increase

at a rapid rate under adequate growing conditions of temperature and
moisture, and may reach high levels of contamination in less than 48
hours.

Sampling
Post-harvest and stored samples of Brazilean c o m and peanuts
were collected in 1975-1976 from various processors of peanut meal and
c o m meal of the Southeastern region.

A total of 100 samples (50 corn

and 50 peanut samples) were collected at random for analysis as present
ed in Table 3.

Twelve kilograms was collected per sample.

Each sample

was wrapped in polyethylene bags and stored in the laboratory at room
temperature (approximately 22°C).
Before extraction of the aflatoxins, each sample was divided into
four equal parts of 3 kg each and ground separately in a Habast Vertical
cutter-mlxer for 40 seconds at low speed and 90 seconds at high speed.
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Table 3.

Sampling of Corn and Peanuts from Southeastern Brazil (1975-1976)

Year

Processor

Location

Sample

No. of Samples^"

1976

Sambra

Sao Paulo

Peanuts

11

1975

Embrasol

Campinas

Peanuts

15

1976

Comove

Sao Paulo

Peanuts

18

1976

Pacambu

Sao Paulo

Peanuts

6

1976

Cagigo

Sao Paulo

Corn

22

1976

Indolma

Campinas

Corn

10

1976

Olma

Sao Paulo

Corn

18
Total 100

"^Replicated four times.

to
O'
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Twenty grains of the ground material was weighed from each subsample, and four replications of 20 g each were analyzed from each
12 kg sample that was collected.

Figure 3 presents the sampling pro

cedure utilized for the Brazilean samples.
The United States samples, weighing about 0.5 kg each, were
obtained as follows:

ground c o m samples were supplied by the Feed

and Fertilizer Laboratory of Louisiana State University, and ground
peanut samples were supplied by the Georgia Experimental Station at
Dowson, GA.

A total of 100 samples was obtained for the analysis

(50 c o m and 50 peanut samples).

Samples were stored in Mason jars

and at room temperature in the laboratory.

As in the previous

samples, 20 g were also used for the extraction of aflatoxin, repli
cated two times.

Extraction
Figure 4 shows the flow diagram for the extratlon of aflatoxin
from corn and peanuts.

Twenty-gram portions of each sample was com

bined with 100 ml of chloroform, 10 ml of distilled water, and 7 g of
Hyflo Super cel in a 250-ml flask.

The flask was shaken vigorously

on a Burrell wrist-action shaker for 30 mi .lutes and the contents
rapidly filtered through a sintered glass funnel which has been wetpacked with 15 g of anhydrous magnesium sulfate in chloroform.
The aliquot was collected in a 250-ml beaker and concentrated
to 10 ml under a hood using dry air.

Air was dried by using a drying

tower filled with 4-20 mesh calcium chloride.
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Sample Collected (12 Kg)

Subsampling

1.(3Kg)

2.(3Kg)

3.(3Kg)

Grind

Grind

Grind

Grind

Weigh 20g

Weigh 20g

Weigh 20g

Weigh 20g

Y
Replicate 1

Y
Replicate 2

Replicate 3

Figure 3.

t

Y

y

Replicate 4

Sampling Procedure for Brazilean
C o m and Peanuts
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20 g of sample
+
100 ml chloroform + 10 ml distilled water + 7g Hyflo Super cel

250 ml flask
Extracted for 30 minutes in a
Burrell Wrist action shaker

s * ''

Extracted Sample
Filtered in sintered glass
funnel with 15g anhydrous
magnesium sulfate in chloroform

Filtrate
Concentrated with dried air

'T
Concentrated 10 ml sample

Thin Layer Chromatography

Figure 4.

Flow Diagram of the Extraction of Aflatoxin
from Corn or Peanut Samples
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Thin-Layer Chromatography

Sensitive thin-layer chromatographic (TLC) methods are avail
able for determining aflatoxins B^, B2» G^, and G2 in foods and feeds
at the parts per billion level.

These procedures are based on TLC

separation of aflatoxins on silica gel-coated plates, coupled with
quantitation, either by visual comparison of the intensity of fluores
cence of samples and standard spots or by fluorodensltometric scan of
developed chromatograms (Pons and Goldblatt, 1969).
Studies on the precision of TLC resolution of aflatoxins B^,

B2* Gl* atU* G2 ^ave established coefficients of variation ranging from
about 5 - 7 % for B^ and G^ to 10 - 11% for B2 and G^.

It is recognized

that the resolution of aflatoxins on thin layer plates varies with the
type of gel and with environmental conditions in a given laboratory
(Pons and Goldblatt, 1969).
Aliquots of the filtrates were chromatographed on silica gel
Adsorbasil-1^ (Applied Science Laboratories, Inc., P. 0. Box 440,
State College, PA 16801) 0.50 mm silica gel-coated plates.
aliquots of an aflatoxin standard furnishing 5 ng each of
1.5 ng each of B2 and

Ten 5 ul
and G^ and

were spotted on each plate and then developed

in CHCl^-acetone (9:1).
Aflatoxins were estimated quantitatively by visual comparison
of fluorescent intensities to that rf a known standard.

For samples of

extremely high contamination levels, extracts were suitable diluted
ant assayed according to A0AC method I (Association of Official Analy
tical Chemists, 1975).

Reduction of Aflatoxin In Contaminated
Corn and Peanut Samples

The feeding of agricultural products that contain more than 20
ppb of aflatoxin to farm and laboratory animals causes many detrimental
affects such as acute toxicity or carcinogenesis.

When animals are

fed rations containii^fl-.auf f1clent amounts of aflatoxin to cause trans
mission into edible tissue, milk, or eggs, human health might be
endangered (Cambell and Stoloff, 1974).
The toxin is not significantly affected by heat, being a rather
heat stable substance that loses very little toxicity during heat
treatment.

Alkaline treatment, such as with ammonia and sodium

hydroxide may detoxify products contaminated with aflatoxin, however,
more studies are needed to verify the effects and to find the efficacy
of chemicals inactivating the toxin.
The objective of this phase of the study was to determine the
efficacy of certain reagents to chemically reduce the aflatoxin in
contaminated samples of c o m and peanuts.
varying concentrations were:

The substances tested at

hydrogen peroxide, ammonium hydroxide,

formaldehyde, sodium hypochlorite, and lsopropyl alcohol.

These

reagents were selected because they exhibit oxidizing or reducing
properties or for their solubility affinity for aflatoxins.

Experimental Design
Due to the wide range of variation (0-850 ppb) in the aflatoxin
content of the c o m and peanut samples previously surveyed, a completely
randomized block design with four replications of treatments was
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selected as the experimental design.

Highly contaminated aflatoxin

samples (more than 700 ppb) were chosen for treatments assigned to
Block I.

Block II contained between 500-700 ppb, Block III between

300-500 ppb, and Block IV between 100-300 ppb.

Table 4 shows the

association between block assignment and aflatoxin concentration.

Treatments

Contaminated samples from Louisiana and Georgia were treated
with various concentrations of (1) hydrogen peroxide; (2) ammonium
hydroxide; (3) formaldehyde; (4) sodium hypochlorite, and (5) isopropyl
alcohol.

Table 5 shows the reagent concentration used per treatment

replication.
Ten grams of corn or peanuts per treatment were placed in petri
dishes and the chemical solutions were applied by means of a hypodermic
syringe.

Distilled water was used as the control and for making dilu

tions .
After one hour of treatment, the samples were placed under the
hood for air drying at ambient temperature.

Once the samples were dry

they were assayed for aflatoxin by TLC as previously described.
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Table 4.

Replication
or Block

Block I

Block Assignment of Aflatoxin Samples
According to Concentration

Aflatoxin
Content

More than 700 ppb

Block II

500-700 ppb

Block III

300-500 ppb

Block IV

100-300 ppb
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Table 5.

Concentration of Chemicals Used to .
Reduce Aflatoxin In C o m and Peanuts

Treatment Number

1.

Untreated Control

Concentration
(%, W/V)
.

—

2 . Hydrogen Peroxide

0.5

3.

Hydrogen Peroxide

1.0

4.

Hydrogen Peroxide

1.5

5.

Hydrogen Peroxide

2.0

6.

Ammonium Hydroxide

0.5

7.

Ammonium Hydroxide

1.0

8.

Ammonium Hydroxide

1.5

9.

Ammonium Hydroxide

2.0

10*

Formaldehyde

0.5

11.

Formaldehyde

1.0

12.

Formaldehyde

1.5

13.

Formaldehyde

2.0

14.

Sodium Hypochlorite

0.5

15.

Sodium Hypochlorite

1.0

16.

Sodium Hypochlorite

1.5

17.

Sodium Hypochlorite

2.0

18.

Isopropyl Alcohol

25.0

19.

Isopropyl Alcohol

50.0

20.

Isopropyl Alcohol

75.0

21.

Isopropyl Alcohol

100.0

^Randomized and replicated four times

RESULTS AND DISCUSSIONS
Comparison of the Incidence of Aflatoxin in Corn and Peanuts
Grown in Louisiana, Georgia, and Southeastern Brazil

Results of the thin-layer chromatographic analysis of corn and
peanut samples from Southeastern Brazil indicated the presence of
aflatoxin in various concentrations.
Table 6 presents the incidence of aflatoxin in corn and peanuts
from Southeastern Brazil (1975-1976).

These samples were sold to a

milling company and were used in formulation of rations for animals.
Forty-six percent of the samples examined indicated aflatoxin
contamination.

Five of the processors submitted contaminated samples

that were contaminated with more than 100 ppb and six of them contained
between 50 and 100 ppb contamination.

Most of the samples contaminated

with aflatoxin had less than 49 ppb.
Of the 200 peanut samples analyzed from Sambra, Comove, Embrazol,
and Pacambu, Pacambu showed least aflatoxin contamination (24%) and
ranged from less than 20 to 49 ppb.

The majority of the samples con

tained less than 20 ppb.
Fifty-two percent of the Comove samples showed contamination and
ranged from less than 20 to 100 ppb; again, most of the samples were in
the less than 20 ppb category.
The Sambra samples were 54% contaminated and ranged from less
than 20 ppb to more than 100 ppb.

Half of the contaminated samples

were in the less than 20 ppb category, and one-fourth were above 50 ppb.
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Table 6.

Year

Processor

Aflatoxin Incidence In C o m and Peanuts
from Southeastern Brazil (1975-1976)*

% Samples With Indicated

No. of Samples
Assayed

Level of Aflatoxin (ppb)
ND2

<20

20-49

50-100

>100

1976

Sambra (Peanuts)

44

46

23

14

14

3

1975

Embrasol (Peanuts)

60

42

27

12

12

7

1976

Comove (Peanuts)

72

48

32

17

3

0

1976

Pacambu (Peanuts)

24

76

21

3

0

0

1976

Cagigo (Com)

88

50

19

17

8

6

1976

Indolma (Com)

40

57

21

15

5

2

1976

Olma (Com)

72

60

13

9

11

7

Total

400

^These samples were sold to a milling company for use In feeds
2
ND = Not Detected

w
<T\
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The Embrazol samples were 58% contaminated with aflatoxin in a
range of less than 20 ppb to more than 100 ppb.

About half of their

contaminated samples were in the less than 20 ppb category, and seven
of them had more than 100 ppb aflatoxin concentration.
From among the three suppliers of corn (Cagigo, Indolma, and
Olma), Olma showed the lowest number of contaminated samples with 40%.
The range of contamination was from less than 20 ppb to more than 100
ppb.

Most of the samples being in the more than 20 ppb category.
The Indolman supplier contained contamination of aflatoxin in

43% of his samples, ranging from less than 20 ppb to more than 100 ppb.
Half of the contaminated samples were in the less than 20 ppb category
and the remaining from 20 ppb to 100 ppb range.
Finally, 50% of the Cagigo samples showed contamination.

Most

of the samples were found to have more than 20 ppb and 6 of them about
100 ppb.
Table 7 presents the aflatoxin incidence in corn and peanuts
from Louisiana and Georgia (1977).

These samples were procured from

farmers and were suspected of containing aflatoxin.

The incidence of

aflatoxin contamination was higher for the USA samples than for the
Brazilian samples.

This was probably due to the fact that these samples

were exposed to weather conditions which were condusive to aflatoxin
production and insect damage in the fields.
Seventy-seven percent of the suspected contaminated samples
showed an incidence of aflatoxin contamination ranging from less than
20 ppb to more than 100 ppb.
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Table 7.

Aflatoxin Incidence In Corn and Peanuts
from Louisiana and Georgia (1977)1

No. of Samples
Assayed
Per Week

Sample

% Samples with Indicated Level

of Aflatoxins (ppb)2
ND

3

<20

20-49

50-100

>100

Corn

30

20

33

20

27

0

Peanuts

18

23

33

0

22

22

Corn

16

75

0

13

12

0

Corn

20

0

20

0

60

20

Corn

24

25

8

17

33

17

Peanuts

20

40

10

10

30

10

Corn

10

0

20

20

40

20

Peanuts

8

50

0

0

50

0

Peanuts

12

33

0

20

33

14

Peanuts

8

0

25

50

25

0

Peanuts

10

20

20

10

40

10

Peanuts

20

11

30

25

17

17

Peanuts

4

0

0

0

0

0

Total

200

^Samples procured from farmers and suspected to contain aflatoxins
-Average of two replications
ND * Not Detected
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Among the corn samples, the majority of the samples (34%) were
in the 50 to 100 ppb range, and 11.4% above 100 ppb.
The aflatoxin contaminated peanut samples were distributed as
follows:

15% had less than 20 ppb, 14% were in the 20 to 49 ppb range,

27% were In the 50 to 100 ppb range, and 9% had more than 100 ppb.
From the samples assayed, it can be concluded that aflatoxin
contamination is commonly found in Brazil, even in samples that are not
suspected of being contaminated, and that are being used for animal
feed.

Therefore, a strict survey of aflatoxin content in corn and

peanuts should be Included in the Brazilian feeding Industries.

On

the other hand, more of the samples assayed from the United States con
tained aflatoxin contamination.

However, these samples were already

suspected of aflatoxin contamination and were not being used as animal
feeds.
This shows the existence of a strict survey for aflatoxin in
corn and peanuts in the United States which in turn encourages the
existence of better facilities in the farms and adequate storage areas
which are commonly used.

Reduction of Aflatoxin in
C o m and Peanut Samples from Louisiana and Georgia

All data collected from the analysis of aflatoxin in the Random
ized Block Design experiment in the c o m and peanut samples treated
with the chemicals were subjected to an Analysis of Variance with
significance detected at the 0.01 level of probability (P<0.01).
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Tables I and II In the appendix, present the analysis of
variance of aflatoxin detoxification In corn and peanuts, respectively.
Highly significant differences (P<0.01) were found among the treatments
Indicating the effect of treatment on the samples.
Table 8 shows the concentration of aflatoxin In c o m samples
and Table 9 shows the concentration In peanuts.
The results of using several chemicals to extract and Inacti
vate aflatoxin from raw peanuts and corn were as follows:

Effect of Hydrogen Peroxide
The effectiveness of hydrogen peroxide in destroying aflatoxin
under the conditions of the experiment in corn and peanuts is summar
ized in Figure 5.

As seen in the figure, hydrogen peroxide at 0.5%

concentration significantly Inactivated the aflatoxin from about 750
to about 100 ppb.

When the concentration was increased to 1.5% com

plete inactivation of the aflatoxin was achieved in both peanuts and
corn.

Effect of Ammonium Hydroxide
The effect of ammonium hydroxide concentration on the reduction
of aflatoxin in corn and peanuts is shown in Figure 6.

The use of

ammonium hydroxide reduces the aflatoxin level of both c o m and
peanuts.

However, even at the highest concentration of ammonium

hydroxide (2.0%) the destruction was far from complete in both products,
under the experimental conditions used.
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Table 8 .

Concentration of Aflatoxin In
Treated Corn Samples^-» ^

Treatment and
Concentration(% ,W/V)
1.

Untreated Control

2.

Hydrogen Peroxide

3.

BLOCK
II
III

I

IV

Mean

1538

667

500

286

748

0.5

167

83

100

53

101

Hydrogen Peroxide

1.0

53

63

63

21

50

4.

Hydrogen Peroxide

1.5

0

0

0

0

0

5.

Hydrogen Peroxide

2.0

0

0

0

0

0

6 . Ammonium Hydroxide

0.5

1000

505

333

222

515

7.

Ammonium Hydroxide

1.0

667

333

200

125

331

8.

Ammonium Hydroxide

1.5

400

182

167

53

201

9.

Ammonium Hydroxide

2.0

333

286

118

63

200

10.

Formaldehyde

0.5

83

59

67

71

70

11.

Formaldehyde

1.0

43

43

33

19

35

12.

Formaldehyde

1.5

19

19

19

10

17

13.

Formaldehyde

2.0

0

0

0

0

0

14.

Sodium Hypochlorite 0.5

19

19

10

10

15

15.

Sodium Hypochlorite 1.0

0

0

0

0

0

16.

Sodium Hypochlorite 1.5

0

0

0

0

0

17.

Sodium Hypochlorite 2.0

0

0

0

0

0

18.

Isopropyl Alcohol

25.0

182

91

74

53

100

19.

Isopropyl Alcohol

50.0

67

53

0

0

30

20.

Isopropyl Alcohol

75.0

0

0

0

0

0

21.

Isopropyl Alcohol 100.0

0

0

0

0

0

-Reported in ppb
Statistical differences are reported In APPENDIX Table III
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Table 9.

Concentration of Aflatoxin In
Treated Peanut Samples-*-» ^

Treatment and
Concentration(%,W/V)
1.

Untreated Control

2.

Hydrogen Peroxide

3.

I

II

BLOCK
III

IV

Mean

1667

667

500

250

771

0.5

200

167

83

53

126

Hydrogen Peroxide

1.0

59

53

50

53

54

4.

Hydrogen Peroxide

1.5

0

0

0

0

0

5.

Hydrogen Peroxide

2.0

0

0

0

0

0

6.

Ammonium Hydroxide

0.5

1000

500

400

100

500

7.

Ammonium Hydroxide

1.0

667

500

333

100

400

8.

Ammonium Hydroxide

1.5

400

333

286

182

300

9.

Ammonium Hydroxide

2.0

400

333

250

182

291

10.

Formaldehyde

2.0

125

105

91

91

103

11.

Formaldehyde

1.0

71

83

59

67

70

12.

Formaldehyde

1.5

67

43

19

19

37

13.

Formaldehyde

2.0

10

10

10

10

10

14.

Sodium Hypochlorite 0.5

19

19

10

10

15

15.

Sodium Hypochlorite 1.0

0

0

0

0

0

16.

Sodium Hypochlorite 1.5

0

0

0

0

0

17.

Sodium Hypochlorite 2.0

0

0

0

0

0

18.

Isopropyl Alcohol

25.0

333

200

143

125

200

19.

Isopropyl Alcohol

50.0

118

118

118

0

89

20.

Isopropyl Alcohol

75.0

0

0

0

0

0

21.

Isopropyl Alcohol 100.0

0

0

0

0

0

^Reported In ppb
Statistical differences are reported In APPENDIX Table IV
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Figure 5.

Effect of Hydrogen Peroxide Concentration in Aflatoxin
Content of Corn and Peanuts In ppb
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Figure 6.

Effect of Ammonium Hydroxide Concentration in Aflatoxin
Content of Corn and Peanuts in ppb
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Effect of Formaldehyde
Figure 7 shows the effect of formaldehyde concentration In
aflatoxin content for peanuts and corn.

The use of a 0.5% solution

of formaldehyde reduces significantly (P<0.05) the total aflatoxin
level below 100 ppb.

Higher concentrations (2.0%) reduced the afla

toxin level to less than 20 ppb for peanuts and to 0 for com.
Borker et al. (1966) reported that treatment of proteins or
protein-containing dietary supplements with formaldehyde prevents
microbial degradation of essential amino acids in the rumen, permit
ting their absorption in the abomasum or lower gut of ruminant animals.
14
He also reported that experiments with C
labeled formaldehyde fed
to ruminants as an aldehyde-casein-oil complex revealed that ruminants
effectively metabolize formaldehyde, which does not accumulate in
either the carcass or the milk.
Therefore, this reagent has a potential for

use in reductionof

aflatoxlns in corn and peanuts used in the feed ofruminants.

Effect of Sodium Hypochlorite
The effect of sodium hypochlorite concentrations in aflatoxin
content in peanuts and c o m is shown in Figure 8.
Sodium hypochlorite was the most effective chemical reagentfor
destroying aflatoxin in both peanut and corn samples.

At a concentra

tion of 0.5% sodium hypochlorite significantly reduced the aflatoxin
level from about 750 to 15 ppb, and at 1.0% concentration aflatoxin
was reduced to 0 .

800.

700

Peanuts
Corn

600

AOO

300

AFLATOXIN

CONTENT, ppb

500

200

100

0.5

1.0

1.5

2.0

% Formaldehyde
Figure 7.

Effect of Formaldehyde Concentration In Aflatoxin
Content of Corn and Peanuts in ppb
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AFLATOXIN
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200

100

0.5

1.0

1.5

2.0

% Sodium Hypochlorite

Figure 8.

Effect of Sodium Hypochlorite Concentration In
Aflatoxin Content of Corn and Peanuts in ppb
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Effect of Isopropyl Alcohol
Figure 9 shows the effect of isopropyl alcohol concentration on
aflatoxin content in peanuts and corn.

An alcoholic concentration of

25% did not completely eliminate the aflatoxin under the conditions
tested.

At the 75% concentration aflatoxin was inactivated from both

corn and peanuts to below levels of detection.

It seems that isopropyl

alcohol was more efficient in destroying the aflatoxin in the c o m
samples than in the peanuts.

Since isopropyl alcohol-extracted fish

protein concentrate is approved for use in food, this solvent might be
advantageously used to detoxify aflatoxin contaminated c o m and peanuts.
However, at this point, the economics of using this solvent seems
rather unfavorable due to the high cost and added equipment necessary
for its recovery.
Tables III and IV present Duncan's Miltiple Range Test for afla
toxin detoxification of c o m samples and peanut samples, respectively.
These two tables in the appendix statistically summarize the effective
ness of the chemical reagents used to detoxify the aflatoxin in c o m
and peanut samples.
Based on the findings of this investigation it appears to be
technologically possible to inactivate or reduce the aflatoxin level in
c o m and peanuts to acceptable amounts by carefully utilizing certain
chemicals:

hydrogen peroxide, formaldehyde, sodium hypochlorite and

isopropyl alcohol.

Among these chemicals, it was found that sodium

hypochlorite was the most effective chemical used to reduce aflatoxin
in c o m and peanuts.

At a concentration of 0.5%, it reduced the afla

toxin Incidence from 750 ppb to 15 ppb, and when the concentration was

80<

700 V

Peanuts
Corn

600.

AFLATOXIN

CONTENT, ppb

500

400

300

200

100
V

0.5

0

1.0

1.5

2.0

% Isopropyl Alcohol

Figure 9.

Effect of Isopropyl Alcohol Concentration in Aflatoxin
Content of Corn and Peanuts in ppb
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increased to 1.0% it decreased the aflatoxin level to 0 ppb.

Furthermore, treatments with formaldehyde and hydrogen peroxide
also showed the desirable objectives of decreasing aflatoxin level.
The data indicated that aflatoxin contaminated corn samples treated
with 0.5% formaldehyde reduced the incidence from 750 ppb to 70 ppb.
At 1.0% concentration aflatoxin was further reduced to 35 ppb, at 1.5%
concentration it was reduced to 17 ppb.

Complete inactivation of

aflatoxin in corn was achieved at 2 .0% concentration of formaldehyde.
Formaldehyde also reduced the aflatoxin level in contaminated
peanut samples, but in a somewhat different manner, because it was less
effective at 0.5, 1.0 and 1.5% than it was for corn.

Even at 2.0%

aflatoxin was reduced from 770 ppb to 10 ppb, but never to 0 ppb.
On the other hand, hydrogen peroxide reduced aflatoxin effec
tively in both corn and peanut samples.

The results showed complete

inactivation of aflatoxin at 1.5% hydrogen peroxide.

This was not

obtained with formaldehyde at the same concentration.
In view of the discovery of recent years that aflatoxins are
much more widely distributed in foodstuffs than previously suspected,
and the urgent need for a larger food supply in the future to feed the
world's rapidly expanding population, technologies such as these for
salvaging all available food material will be of vital importance.

SUMMARY

A comparison was made of the aflatoxin content In corn and
peanuts from Southeastern Brazil, during 1975-1976 and from Louisiana
and Georgia during 1977.

Also, studies were conducted to develop

methods for a quantitative reduction of aflatoxins In c o m and peanut
samples.
To accomplish these objectives, c o m and peanuts were analyzed
by thin layer chromatography (TLC).

These procedures were based on

TLC separation of aflatoxins on silica gel coated plates, coupled with
quantitation by visual comparison.
Results of this survey of the incidence of aflatoxin contami
nation in c o m and peanuts, from seven processors in Southeastern
Brazil, showed the presence of aflatoxin in 45% of the samples assayed.
The aflatoxin level ranged from less than 20 to more than 100 ppb,
indicating that aflatoxin is commonly occurrent in c o m and peanuts in
Southeastern Brazil and may even go undetected, since these samples
were sold to a milling company for feeding purposes.

This could be a

potential hazard to animals and humans.
Analyses of the corn and peanut samples procured from farmers
in Louisiana and Georgia and which were suspected to contain aflatoxin,
showed that aflatoxin was present in 77% of the suspected contaminated
samples ranging from less than 20 to more than 100 ppb.

These samples

were not used for feeding purposes since they were suspected of afla
toxin contamination, suggesting that farmers in the Southeastern
51
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United States are performing an adequate control for aflatoxin con
tamination.
Both surveys suggested that aflatoxin contamination In corn and
peanuts Is a major problem, and since there is a need to Increase the
food supply, studies were also conducted to attempt to chemically
detoxify aflatoxin contaminated corn and peanut samples with various
concentrations of hydrogen peroxide, ammonium hydroxide, formaldehyde,
sodium hypochlorite, and isopropyl alcohol.

Analysis of variance for

the randomized block design indicated significant differences among
the treatments (P<0.0l).

Treatment effect was measured by the Duncan's

Multiple Range test (P<0.05).
Results of the TLC analyses showed that among the chemical
treatments studied, 1.5% hydrogen peroxide, 1.0% sodium hypochlorite,
and 75% isopropyl alcohol significantly reduced aflatoxin contamination
in peanut and corn samples to non-detectable levels.

Ammonium hydrox

ide even at the highest concentration tested (2.0%) did not effectively
reduce the aflatoxin under the conditions of this experiment.
Formaldehyde at a 2.0% concentration significantly reduced the
amount of aflatoxin to 10 ppb.

Therefore, it can be concluded that

aflatoxin detoxification or reduction is possible and th:.u aflatoxins
are effectively destroyed by utilization of hydrogen peroxide and
sodium hypochlorite varying from 1.0 to 2.0 (W/V).
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Table I.

Analysis of Variance of Aflatoxin Detoxification In Corn

Source of
Variation

SS

MS

3

344038

114679

5.62**

Treatment

20

3070430

153521

7.52**

Error

60

1224353

20405

Total

83

4638821

Block

df

**Highly significant difference (P<0.01)

F

60

Table II.

Analysis of Variance of Aflatoxin Detoxification In Peanuts

Source of
Variation

SS

MS

3

385014

128338

5.22**

Treatment

20

3378159

168907

6.87**

Error

60

1475817

24596

Total

83

5238990

Block

df

**Highly significant difference (P<0.01)

F
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Table III.

Duncan's Multiple Range Test for Aflatoxin Detoxification
in Corn Samples^

Treatment and
Concentration( W / V)

Mean(ppb)

Duncan's Range

1.

Untreated Control

748

a

6.

Ammonium Hydroxide

0.5

515

b

7.

Ammonium Hydroxide

1.0

331

be

8.

Ammonium Hydroxide

1.5

201

cd

9.

Ammonium Hydroxide

2.0

200

cd

2.

Hydrogen Peroxide

0.5

101

d

18.

Isopropyl Alcohol

25.0

100

d

10.

Formaldehyde

0.5

70

d

Hydrogen Peroxide

1.0

50

d

11.

Formaldehyde

1.0

35

d

19.

Isopropyl Alcohol

50.0

30

d

1.5

17

d

Sodium Hypochlorite

0.5

15

d

4.

Hydrogen Peroxide

1.5

0

d

5.

Hydrogen Peroxide

2.0

0

d

13.

Formaldehyde

2.0

0

d

15.

Sodium Hypochlorite

1.0

0

d

16.

Sodium Hypochlorite

1.5

0

d

17.

Sodium Hypochlorite

2.0

0

d

20.

Isopropyl Alcohol

75.0

0

d

21.

Isopropyl Alcohol

100.0

0

d

3.

12. .Formaldehyde
14.

"Hfeans with the same letter are not significantly different (P<0.05)
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Table IV.

Duncan's Multiple Range Test for Aflatoxin Detoxification In
Peanut Samples

1.

Treatment and
ConcentratlonfW/V)

Mean(ppb)

Untreated Control

771

Duncan's Range
a

6 . Ammonium Hydroxide

0.5

500

b

7.

Ammonium Hydroxide

1.0

400

be

8.

Ammonium Hydroxide

1.5

300

bed

9.

Ammonium Hydroxide

2.0

291

bede

Isopropyl Alcohol

25.0

200

cdef

2 . Hydrogen Peroxide

0.5

126

def

0.5

103

def

50.0

89

def

18.

10.

Formaldehyde

19.

Isopropyl Alcohol

11.

Formaldehyde

1.0

70

def

Hydrogen Peroxide

1.0

54

def

12.

Formaldehyde

1.5

37

ef

14.

Sodium Hypochlorite

0.5

15

f

13.

Formaldehyde

2.0

10

f

4.

Hydrogen Peroxide

1.5

0

f

5.

Hydrogen Peroxide

2.0

0

f

15.

Sodium Hypochlorite

1.0

0

f

16.

Sodium Hypochlorite

1.5

0

f

17.

Sodium Hypochlorite

2.0

0

f

20.

Isopropyl Alcohol

75.0

0

f

21.

Isopropyl Alcohol

100.0

0

f

3.

ans with the same letter are not significantly different (P<0.05)
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